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LThe author in this article correlates interatomic distances with
‘chemical properties and positions in the ‘periodic tsble. The contro-
~versy of the zero and eighth groups is resolved, in favor of Mendele-
yev's original proposal. The author briefly mentions the application
of his formulas to the tramnsuranic elements./

To eliminate inconsistency and arbitrariness in the arrangement of ele- <’

mente by groups and subgroups in the periodic teble, the author considers it
necessary to have an accurate function which will derive specific property

.from atomic number and meximum yalence (or the integral value of the group

into which an element falls in the periodic table).

Unfortunately, no one hes yet supplied such & function, but the author's
reporis Lll-127 are of value in calculations of atomic radii and interatomic
distances of elements and their crystalline compounds. Sarkisov's equation
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R=Cg 1573 ' (1a)
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for atomic radii of crystals or his corresgond'ing equation
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for interatomlc distances shows that one of the basic characteristics of ele-
ments -- their interatcmic distances’ -- makes it possible to predict their
chemical properties (represented in the functional relations between F and f£).
In equation (1), F is a function of atomic number 2; and the number f of bond
electrons is determined by the group number in the periodic table, i.e. , by
maximum sbsolute valence. Y - Coae
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The author's equation was derived for minimum total energy of the crystal
lattice. The original equation expressed the potential energy of interaction .
of bond electrons and nuclear electrons in the space of one elementary nucleus
and the kinetic energy of interaction of such electrons: {

Epot © - n2e2/R
and

513
Epin = - 7E /z.

However, the conclusions of equation (1) are naturally vitiated by several
simplifications. Thus, the author disregarded the interaction energies of elec-
trons in their own field, i.e., energies of repulsion between bond electrons and
remaining electrons and among bond electrons themselves.

Because this interaction is very complicated to calculate for total effect
of repulsion, the function F in equation (1) wase introduced from physical con-
siderations by way of additional assumptions to explain experimental facts.
Function F can be expressed as 72 3 (where Z is the total number of electrons
in the atom or atomic number).

The number £ of bond electrons in Subgroup-A elements was considered by the
author to be the meximum number of velence electrons N or the corresponding num-
ber of the group in the periodic table; in other words, f = N. For all Subgroup-
B elements, it was assumed that £ = 8-N. Hydrogen and helium were considered ex-
ceptional cases where f = 2-N, since they are elements of the first period with
the main quantum number u= 1, and can therefore have & maximum of two elec-

trons.

The author's assumption for Subgroup-B elements is corroborated by the fact
that the majority of these elements crystallize, so that each atom has 8-N close
neighbors, whereas all Subgroup-A elements crystallize into steric-centered cu-
bical, face-centered cubical, and hexagonal compact structures. Even in zinc
and cadmium lattices, which are crystallized in a singular modification of the
hexagonal compact structure similar to the simple rhombohedral structure of mer-
cury, each atom has six close neighbors. Hume-Rothery Ll§7 has extended the 8-N
law even to the metals Cu, Ag, Au, although their atoms are relatively difficult
to arrange in the lattice so that each atom has seven strong bonds.

In equation (1) the coefficient of proportionality C for £ =21end F=1nu-
merically equels the atomic radius of hydrogen (CR== Ry and Cg = dH).

Actually, the author's equation of interatomic distances of inert and other
gases in their molecular lattices reveals the physical significance oi the con=-
stant Cgq, because in these instances one cen employ the experimentally known
velue for the lattice constant of moleculer hydrogen (Cq = dgp). Therefore, the
equation for interatomic distances in molecular-type lattices has the form:

1
az g3 (2)

Equation (2) was used to calculate the interatomic distances of the inert
gases and of oxygen and nitrogen in their molecular lattices. The number of bond
electrons of known metalloids was calculated for £ = 8-N, as in the case of Sub-
group-B elements. For hydrogen and helium we have f = 2-N. Therefore, the num-
ber'f of bond electrons is 1 for hydrogen and 2 for helium, the other inert gases
having £ = 8; oxygen has f = 2 and nitrogen f = 3.
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As the value of dyo in equation (2), the author took the experimental j
value of the lattice constant of molecular hydrogen & = 3.75 A, since hy- H
drogen crystallizes in & closely packed hexagonal lattice at c/a= 1.63 ]
dy= dp= d. The calculated interatomic distances of the above elements é
for dpp = 3.75 I agree with the experimental values 11_7_7 in Table 1. !

All elements given in this table crystallize in a face-centered cubi-
cal lattice. Helium is not included because it crystallizes in & densely
packed hexagonal lattice at c¢/g= 1.63. For helium, therefore, the experi-
mental value of the interatomic distance is determined as @ = a. The table
below clearly shows the close agreement between calculated and experimental
values of interatomic distances. Equation (2) may determine the hitherto-
unknown value d for radon, with a somewhat smaller interatomic distance than
that of xenon. Radon's smaller interatomic distance is related to the "con-
tracting" influence of the lanthenides Ll&/, & phenomenon which will be dis-
cussed farther on.

Table 1. Lattices of the Molecular Type

(Cq = dgp =3.75 A)

Elements f experimental expergmental ca.lcugated Difference (%)

Hy-H 1 3754 3.75 & 3.75 A 0

Ny - Ny 3. 5.67 k.01 bor . 0
0, - 0y 2 6.83 4.83 k.73 -2 !
He - He 2 3.57 3.57 3.47 -3

Ne - Ne 8 k.52 3.19 3.13 -2

Ar - Ar 8 5.40 3.82 3.56 -7

Kr - Kr 8 5.69 L.02 4.16 3

Xe - Xe 8 6.24 4. 4,55 3

Rn - Rn 8 - -- 4.48 -

* % %

The author showed /137 that interatomic distances in binary alloys and
compounds are determined by:

d=Cy 2Fi¥ - (1-p)Fp) (3)

et (1-p)2]3

vhere p represents the atomic weights. When F, = Fp= F and f;= f2= £, equa-
tion (3) is identical to (1) and gives the intératomic distances of metals:

L
d=2r=cq (5)3

> A TAT R A S S A = = 3

Sanitized Copy Approved for Release 2011/09/14 : ClI

%)

A

Y

. - e &
-RDP80-00809A000600350885-1



qetiEl

Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600350885-1

SECRET

Metals and alloys which crystallize into face-centered cubical lattices
(k = 12) have the constant Cq = 2CR or Cg = 2.1.16 = 2.32. Since this con-
stant depends on structural types and bond types, in each instance a correc-
tion must be mede for lattice contraction or e:’cpansion during transition to

other structural types. Then

Cq= 2CR & (%)

where (X is the coefficient of contraction or expansion.

For Subgroup-A elements the integer N of a group in the periodic table
corresponds to the number f of bond electrons of this subgroup in Table 2.
Subgroup-B elements have N = 8- (with the exception of hydrogen and helium

for which N= 2-f).

~~~~~~ o subgroups in Group O and Group VIII of

Because of the arrangement, LW
the periodic teble cannot in principle exist. In fact, if elements of Sub-

group-B were in Group VIII, then we would have N= 8-f =8, true only for
elements with £= O. Such & possibility is excluded because the author's
equation gives d =0° when £= 0. Analogous reasoning leads to the same con-
clusion concerning the possible existuace of Subgroup-A elements in Group 0,
because then we would have N= f = 0 and, therefore, d=o°; hence comes the
failure of meny authors to eliminate Group O by transferring the inert gases

to Group VIII.

In the author's Table 2, therefore, Group O with £ = O is properly ab-
sent; but the sbsence of Group 0 does not contradict the presence of a zero
group in the periodic table, since the inert geses as Subgroup-B elements of
Group VIII have N = 8-f = O for = 8. Similarly explained is the difference
in distribution of all the remaining Subgroup-B elements in these tables.

In Table 2 below, the elements with atomic numbers 90-92 are placed by
the author in parentheses and the transurenic elements (93-96) are not listed;

this is connected with the existence of the second "rare earth" group of ele-

ments with five f-electrons. However, Seaborg's hypothesis [2'3_7 that & new
series of rare earths begins with actinium and the first five f-electrons ap-

pear at thorium is not, in the author‘'s opinion, entirely conclusive.
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Conclusions

1. Most modified versions of the periodic table -- in particuler those
based on the aton's electron structure -- change Mendeleyev's natural arrange- : i

ment of the elements.

2, Although many elements possess multiple valency, positive valence ‘
(which corresponds to Mendeleyev's group numbers) is an importent criterion in
the determination of an element's properties. ' i

3. The suthor derived a universal equation without arbitrary constants
to prove mathematically the arrangement of elements into groups and subgroups
as proposed by Mendeleyev. i

4, Mendeleyev's arrangement made the authort's contribution possible.
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